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crucial in assessing their influence on different microhabitats. Studies comparing the effect of 
earthworm species on environments in northern Michigan remain limited. To address this, we 
conducted experiments in plots of different soil compositions to survey the abundance and 
distribution of earthworms. Four earthworm species have been found in present-day 
microhabitats of northern Michigan: Lumbricus rubellus, Lumbricus terrestris, Dendrobaena 
octaedra and Aporrectodea spp. We found that there were significantly more earthworms in 
nutrient rich soils than in sandy soil environments. In addition, a thick 0-A horizon mixture 
correlated with greater earthworm abundance. This study will allow for greater understanding of 
the influence and abundance of non-native earthworms in different microhabitats. 
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Introduction 
The University of Michigan Biological Station (UMBS) in Pellston, Michigan owns over 
13,000 acres of land surrounding Douglas Lake (Gates, 2010). The UMBS was established in 
1909 and became a Biosphere Reserve in 1979 (Heinen & Vande Kopple, 2003). In addition, 
UMBS is one of the Experimental Ecological Reserves designated by the National Science 
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Foundation (Heinen & Vande Kopple, 2003). The Wisconsin Glacial Episode, which concluded 
about 10,000 years ago, greatly impacted this area (Gates, 2010). High-level outwash plains, 
moraines, and basins are the long lasting remnants at this period. After much of the old-growth 
forests were cut and burned in the late 19th century, hardwood forests became established in the 
region, with streams and wetlands dispersed throughout (Heinen & Vande Kopple, 2003). 
Disparities in soil and vegetation in these areas allows for a range of decomposers. 
Beetles were the main decomposers in the soils of the UMBS until several species of 
European earthworms were introduced by fishermen (Shartell, et al., 2013). Currently, four 
species of earthworms are known to inhabit this region (Crumsey, et al., 2014). These are 
distributed throughout the three ecological groups: epigeic, endogeic, and anecic (Great Lakes 
Worm Watch, 2017). Lumbricus rubellus and D. octaedra are epigeic, these species does not 
make permanent burrows, and they live and feed in the surface litter above mineral soil. 
Aporrectodea is an endogenic species that creates extensive branching burrows and are 
distinguishable from epigeic and anecic by having no pigmentation. L. terrestris are an anecic 
species; they create deep vertical burrows and are the largest earthworms among the groups. 
After earthworms become established in an area, they decrease the thickness of the 
organic layers and alter soil processes (Frelich, et al., 2006). Earthworms alter nutrient 
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availability and the physical structure of the soil through their consumption and translocation of 
organic and mineral materials (Miggie-Kleian, et al., 2006). Dense earthworm populations create 
large propes and aggregate structures in the soil. Restructuring and loss of organic horizons can 
lead to major declines in the abundance of soil micro- and meso-fauna (Miggie-Kleian et al ., 
2006). Many soil organisms are found in the rich organic layers where moisture levels are high, 
the climate is more stable, and food sources are abundant from the decomposition of plants and 
other fauna (Miggie-Kleian et al., 2006). Earthworm invasion into these rich organic layers can 
rapidly transform soil and disturb many organisms within the surrounding ecosystem, as these 
organisms were not previously adapted to earthworm activities. 
Additionally, different species of earthworms have been found to have various effects on 
soil (Frelich et al., 2006). For example, Dendrobaena octaedra mixes organic layers together, but 
leaves the litter and mineral soil horizon undisturbed (Frelich et al., 2006). In contrast, L. 
terrestris, L. rubellus, and Aporrectodea sp. mix the mineral soil horizons as they eat through the 
organic layer (Frelich et al., 2006). Specifically, L. rubellus feeds on older organic matter that has 
accumulated on the soil surface, while L. terrestris feeds on fresh litter, together rapidly 
decreasing all components of the forest floor (Frelich et al., 2006). Midden formation by some 
earthworm species, such as L. terrestris, creates microhabitats on the soil surface that can attract 
not only saprophagous mesofauna, but also their predators (Miggie-Kleian et al., 2006). This 
modification can greatly alter the dynamics of the entire ecosystem. 
Studies have examined the impact of invasive earthworms in hardwood forests. 
Non-native European earthworms have greatly affected the plant diversity of the hardwood 
forests in the Great Lakes Region (Frelich et al., 2006; Miggie-Kleian et al., 2006; Hale, 2004; 
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Lavelle, et al., 2004). Multiple studies have explored the effect earthworms have on the soil 
composition in northern Michigan (Frelich et al. , 2006; Miggie-Kleian et al., 2006; Hale, 2004). 
To date, Jasmine Crumsey conducted experiments on the four invasive species of earthworms 
present in the temperate forests of the UMBS. She reconstructed forest soil profiles in the 
Biotron, an underground soil laboratory. Crumsey studied earthworm community impacts on soil 
carbon dynamics and patterns of exotic earthworm distributions in response to the physical and 
chemical factors of the soil (Crumsey, 2013). Crumsey found L. terrestris and L. rubellus 
increased soil carbon and nitrogen content. 
Although previous studies have investigated the effect of earthworms on soil 
composition, few studies have been conducted in northern Michigan that examined the change in 
abundance of earthworms and their effect on soil structure in multiple environments. Our study 
aimed to examine these changes at the UMBS. More recent studies had noted their presence in 
the soils of the UMBS. However, this study set out to produce a more conclusive examination of 
the non-native earthworms in this area. Specifically, we hypothesized that (a) there will be a 
significantly greater amount of earthworms found in nutrient rich soils than in sandy soils, and 
(b) the 0-Horizon and A-Layers will be smaller in soils with a greater amount of earthworms. 
Materials and Methods 
To test these hypotheses, four plots from each of three macro environments were chosen; 
Moraine, Lake Algonquin Basin, and High-level Outwash Plain. We chose these areas to study 
the abundance of earthworms in sandy soil versus nutrient rich soil. The outwash plains and lake 
basins contain soils with a much greater sand content and tend to be nutrient-poor (Cleland, 
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2015). In contrast, the loamy soils of moraines retain more water and are more nutrient rich 
(Cleland, 2015). The four plots within each of these categories were chosen by specific 
micro-environments, as developed by Marc Lapin in 1990 (Pearsall, 1995). The first 
micro-environment chosen was an excessively drained, medium grained sand environment from 
the Algonquin Lake Basin. Specific micro-environments within the High-level Outwash Plains 
were chosen based on their drained and medium grained sand composition. Additionally, the 
micro-environments in the Moraines were selected due to their well drained, loamy sand 
environment. The four plots within each of these ecosystem types were chosen based on 
previously similar 0 horizon height (Pearsall, 1995) in order to have comparable plots within 
each environment. 
To examine the abundance of the earthworms, specimens were collected at two locations 
within each plot, totaling 24 sample sites over 12 plots. A 1-ft2 sampling section was created 
with rulers at both the Northeast and Northwest comers of each plot. For this experiment, a 
mustard water solution of ten grams of ground mustard per one liter of water was used. Mustard 
has been found to irritate the skin of earthworms (Earthworm Sampling Methods, 2011 ). This 
causes them to come to the surface to avoid it, where they can be collected, preserved, and 
identified. One gallon of mustard water was poured into each 1-ft2 sampling section, in two half 
gallon doses, with a five minute collection period after each half. The earthworms were rinsed in 
clean water and placed into labeled plastic sandwich bags. In the lab, the earthworms from each 
sampling area of each plot were counted. The number of juvenile and adult earthworms were 
noted as well as the species of the adults, as determination of species before adulthood is nearly 
impossible (Worm Identification, 2011 ). 
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Additionally, four soil samples were taken at every plot (two samples near each 1-ft2 
sampling site) using a soil core sampling probe. The location of these soil sampling sites were 
chosen randomly to avoid any bias. The depth of the first layer of soil was measured from each 
core sample. These measurements allow for the examination of the current soil horizons in 
comparison to the abundance of non-native earthworms. 
Results 
Using the Chi-square Test oflndependence, we found there was a significant difference 
between the abundance of earthworms in the Moraine, Lake Algonquin Basin, and High Level 
Outwash Plains (Chi-square value= 164.41628, p-value < 0.001). The Moraine plots had a 
significantly greater abundance with 109 earthworms, compared to 13 in the Lake Algonquin 
Basin, and 3 in the High-Level Outwash Plain. These results permitted us to reject the null 
hypothesis because earthworm abundance was greater in the nutrient-rich environment of the 
Moraine than in the sandy-soils of the Lake Algonquin Basin and the High-Level Outwash Plain. 
In addition, a root matting was present in several of the plots. An average of 26.5 earthworms 
were found in plots without any root matting in the first layer of the soil. In contrast, an average 
of 2.4 earthworms were found in plots with root matting. 
A large portion of each environment contained more juvenile than adult earthworms. In 
the Moraine plots we identified 82.6% of earthworms to be juveniles (n= 90). For Lake 
Algonquin Basin 46.2% were found to be juveniles (n = 6). High-Level Outwash Plains had a 
proportion of 66. 7% juveniles (n = 2). This higher abundance of juvenile earthworms compared 
to adults is consistent with previous data collected from this area (Crumsey, 2014). 
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A positive linear trend was found when examining the effect of earthworm abundance on 
average first layer soil depth for each plot. As seen in Figure 1, an R2 value of 0.3203 was 
produced, showing that some of the first layer soil depth variation can be explained by with the 
abundance of earthworms. These results suggest a positive correlation between the number of 
earthworms present and the thickness of the soil horizon. The first soil layer in these 
environments is a mixture of the 0-and A-horizons, which suggests that a greater abundance of 
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Figure 1. The effect of earthworm abundance on average first layer soil depth for each plot (black denotes Moraine 
plots, white indicated Lake Algonquin Basin plots, and gray High-Level Outwash Plain plots) . 
Three species of earthworm were found to be present in the Moraine environment: 
including Aporrectodea spp., L. rubellus, and L. terrestris (Figure 2). In the Lake Algonquin 
environment, primarily L. rubellus was found with few Aporrectodea spp .. In the High-Level 
Outwash Plain, only one adult Aporrectodea spp. earthworm was found. Although D. octaedra 
earthworms have been documented within the UMBS (Crumsey, 2013), none were found in this 
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study. The anecic L. terrestris was only present in the Moraine plots. This may correlate with 
average first soil layer depth being larger in these plots, as L. terrestris makes deep vertical 
burrows in the soil. When they feed on surface litter, the constant motion of this species may 
accentuate the mixing of the layers, making this first layer thicker. 
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Figure 2. Abundance of non-native earthworms by species (D. octaedra, L. rubellus, L. terrestris, and Aporrectodea 
spp.) and environment. Environments included nutrient-rich soil (Moraine) and sandy soil (Lake Algonquin Basin 
and High-Level Outwash Plain) sites within the UMBS. 
Discussion 
There was a difference in the abundance of earthworms in plots with a root matting. This 
could be a result of the root matting impacting how much mustard powder was able to reach the 
earthworms and the ability of the earthworms to then reach the surface. An additional 
explanation may reside in the ability of the earthworms to move throughout the root matting. If it 
inhibits the mobility, and therefore fitness, of the earthworms, it may result in a decrease in 
earthworm abundance at the locations where the root matting is present. Further examination of 
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this would need to be studied in order to determine if root matting has a significant effect on 
collection of earthworms. 
Temperature and soil moisture could have affected the abundance of earthworms 
recorded for the plots. In an experiment measuring the influence of soil temperature and moisture 
on Aporrectodea and L. terrestris burrowing, it was found that earthworm mass, surface casting 
and burrowing activities were affected significantly by soil temperature, moisture and the 
temperature-moisture interaction (Perreault & Whalen, 2006). In future studies, collecting data in 
comparable temperature and moisture conditions would minimize the margin of error. While data 
was generally collected in the morning, time of day was not held consistent when visiting plots. 
If earthworms are more active and likely to surface at one time of day this may have affected our 
data collection. The mustard water extraction could have accounted for some of this variability, 
as it can surface earthworms of different activity levels. In addition, incline may have been a 
confounding factor that influenced the abundance of earthworms in the plots. Low-lying plots 
could have accumulated more rainwater, which may cause a greater abundance of earthworms to 
be found since they are known to thrive in moisture rich environments (Ivask, et al., 2006). 
The mustard water was mixed by hand for each individual sampling site, using a 
tablespoon to measure mustard powder. The spoon allowed for quick preparation of the mixture, 
but was not precise, potentially resulting in inconsistent concentrations of mustard water. If one 
gallon of mustard water was more concentrated than another, it may have been more effective in 
irritating the worms and bringing them to the surface, as compared to another gallon used in the 
same soil type. To prevent this in future studies, a more exact measuring tool can _be used to 
ensure uniform concentrations within plots. A key was used to identify the different species of 
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earthworms present in this area. None of the individuals conducting the experiment had 
extensive experience in distinguishing between earthworm species. This lack of experience could 
have led to misidentification, which could skew the data for abundance by species. More 
extensive training would minimize error in earthworm abundance data. 
Conclusion 
Our results show evidence of a larger abundance of earthworms in moraines compared to 
other environments. This may be an effect of an increased amount of nutrients in the soils of the 
moraine, potentially providing more ideal conditions for the survival of earthworms. More 
nutrients may allow for a greater reproductive output or provide ideal resources for the fitness 
and growth of juvenile earthworms. In addition, this study found a correlation between 
earthworm abundance and first soil layer thickness. This could provide evidence to how 
non-native earthworms have impacted the soil structure within the UMBS and in northern 
Michigan. Examining earthworm abundance in previously described forest plots allows for a 
greater understanding of the influence and abundance of non-native earthworms in different 
microhabitats. 
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